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(54) flAethod and apparatus for therapeutic electromagnetic treatment 

(57) A therapeutic treatment device tor treating a 
treatment region comprising an incoherent pulsed» Bght 
source operable to provide a Oghl output for treatment 
a power supply connected to the light source, a housing 
including a reflector and having an opening, wherein the 
light source is disposed within the housing and the 
reflector reflects light from the light source to the open- 
ing. A flexible &ght guide is disposed between the open- 
ing and the treatment region, wherein the Dghl guide 
receives the Incoherent light from the light source and 
transmits the fight to the treatment region and the Bght 
source, reflector and Bght guide cooperate to provide 
between 6 and 100 J/cm^ to the sWa 

The fight gt^de transmits light having a predeter- 
mined angular divergence, wherein the divergence Is 
selected in response to a desired treatment depth. 
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Oescripflon 



a mJlL''«!!rJ^l'*'^^^'^*°**'^'^*«"^ treatment and more spadfically to 

"^^fda^lWaratustoruaizinBaspatiallyexJendedpulsedBgtils^ 

Oelc22^^^!^t?!JJi^^ Serial NaO7y964^l0.filed 

n B iTOwn in fte prior art to use electramaonelic ra^^ 
»o ™«<rf*n<isordenLR,rexanpla,U.S.PaiertNa4^98.00StoMutzhas^^i 

oesCTSjrtaslsow/hi'.whididoesnothawaslgnricanteHeclonsMn ^ 

c«rf;«t^!^i^ * " ««*««n8 a dye laser used in dermatolofly appB^tii^s. TWo^ 

^^T^.^T^^T'^I'^ Irregularities such as Ic^XenSThft^S 

the shnrtanoes or eorre* the sMn disorder andeauses the full or partial disa^^ 
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lasers, ye siflnrfKantly less expensive lbrlhesameou(putpo«erandhayethe p^ential of being iwertW^ 
mo,erel.aWe.Theyhaveaw«espe*alranBethaleanbeoptl^^ 

Jll^a^^ beina wed Jbr treating sHn disotders. lasers have been used ter invasive medical procedures sudi 
as Cthotnpsy end removal of blood vessel blockage, h sudi invasive procedures laser Beht is eo.ri«dte«i^iS^ 
anddelivered«vooflh.f«fi,erto«,e1realmen.area hDthotripsylheKS^^iSlaSb^^ 
or galW0|«and the OghtirteracSonwim the Stone ae^^ 

Bhotrip^ and blockage removal ulilizlno a fbshlanp would be desiraWei «»inwn.oeviceior 

light Into opteal f ib«8 In medione is quite common. -The prior art describes coupling isotrcpie hcoherait oo^mS 
sj«h^CWIam^i«osmanoplicalfbeni.Fbrex^ 

el. d sd^es a memcd for foeusmg incoherent point sources with smalt filaments or arc la™ Jw^ and^^S^e^ 

^ * «2.534. Issued May 10. 1977^ KW^rSXS 
l«ht produced by a Wash tube and the collection of only a smaD portion of the light en«ed by the tube into 

However^e large dimendon of an extended source 6ud< as a flasWamp makes H dii^ 
^hf?^' ^ ^ tfistrbution of the Bght has to be sud, that trappirig in the optical fib« (aTta 



her J^SS^I^! * ' «>B^io treatmoit device convrises a tousing and an heo- 

J^^eTSTi;.?^ * to provWe a pulsed light output fbr^eSment di.posS JteST 

ing. TTw housing has an openmg and is suitable for bdng disposed adjacent a ddn treatment ImA rXZ^ 

« i';:is.s^L^!^'^'::i"^'''''"«^ 
:ss.rers^\or«rjr.^'^-'-*"^ 

i:^rc^^^rf,t:s-torsrthX^«^s*^ 
flasiSr!^?,^*^^^^;!^^^ 

iBOTan^x A r«ieetor 8 disposed around the Incoherent Dght source and at lead one 00^ 
« ''S^tonfbersmaybeprovdad.alongwithallneartodredarfljertransfSrunitdlSBOse^^ 

SSSSf— ^^^^^^ 

s:::2':ss:rreS:;2;;Xs::^r''^"«-^^ 

rSI^'^,r"*'^'*"' " « *^ «"P»^ Bow from a toroidal (lad, tube into an optfcal fiber with 

Figure 5 is a Side View of a toroidal flash tube; 
Ftgure 6 is a lop view of a toroidal flash tube; * 
S5 Figure 7 shows the geom^ for coupling into a correal section- 

r^^cT^a'rs^r^^^^^ 
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Fioure 1 1 is a front view of a coupf er for coupBng HoW from a linear flash tube Into an optical f toer; 
F^e 1 2 is a front vie«f of a coupler tor cotipfing rrght from a linear flash tube Into a doped optical fiber- 
^i^e 1 3 IS a schematic configuration of a gel sWn Interlace with a transparent pl«e^ 
Rgure 1 4 shows an angular distribulion of photons penetrating without 
« f^«we 15 shows a light guide providing a large ar^ulardrveroence; * 
Figure 16 shows a light guide providing a narrow angular divergence- 
Figure 17 shows a spectra produced wfth a flashlanp current of 200 knps- 
Figure 18 shows a spectra produced with a flashlanp current of 200 aiYpsi and 
Figure 19 shows a QTO driver circuit for a nashlamx 

ID ^ 

Infte variw figures. like reference nw^ 

m«nl'^!l?,r' ' ^ ««1 sfl* Views Of an incoherent, pulsed flght souice skin Ireat- 

» iltaSinn ^J^JT "P*** « " (Rflufe 2 only), a lioM souree 
;*J;^'"«««'«^«>*«'5.anea,rtealrenectorl6..setofopiicaimersl8.^^ 

flasw'iSi'SS^ llia I^''aSf*l'?f^"' " ^^^"^ »9hf soan:e such as a gas fined Unear 

^m2^'^^"J^ '^f*' ° on the sMn must be delK^. TOs light density can be 

P'xrie\^sr.^js^r?^o^f.^^^^^ 

|noar«ngem«« used with lasers aalercienlly couples liBMtr^ 

Optical and neutral density filters 18 are mounted In h^ 

^.^f ^ *" P««<"» of the spectrum, are used. In some oroeedures Tte 

SI "^K.** *P«*^'^«^«»UVportionbeln9cutoff.lnother appncatioTS^^t^X^ 
P*net«»J^««prefe«U^etousenano^^ 

^Stu^ets!::^^^''''"'''"'^^'^*''**"^'^'" 

widli rt^'*eStl'Tf 12 "P*"" nte.s 18 aid the treatment area and controls the length and the 

Thus. ln^«*^nS^J!^ " iT.^** " """^ P* "*>m% Of energy density in the exposed sidn area. 

S^^^I^Cbe^l.^^Jf'"*^'"'"'"^^ 

e ins ZD may be dosed to provide a minimum exposure length of.one mmimeter. SlmHarly. the width of ttie 
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e)»«ed sWn area can be eontroaed In the range of 1 to Siwtitor a Smm wide flashtann Urqer exoosed »«e ran h. 
easay achieved by using longer flash tubes or mut^^e lubes, and smaller exp<««eiW?m iS^a^^^ 
««dn«eoon^etelyeoinmeteslhebean.Tl«preZlj;^onpr^^^ 

teers orpolnt sources and Is ve^ elleelive in the coagulation if blood veXSteStSS^Z^'^'C 
con^^^c^ml^.rT^^*!°^ 12andn»niior8thelightrenac.edt>«nihesHh. Oeteetor22 

;«H«.^esou«e enables 

In an attematfve embodiment detector 22 or a second detector system may be used far reaWi™ tfiitT««* tr*. 

taneous s^ temperatura The operation of the pulsed tight source can be stopped H a or eseIectil^A^™L^^ 



where 



•t= heat conducBvHy of the material being Illuminated; 

^" the pulse-width o< the li^ pulse: 

as C> the heat capacity of the material: 

P« density of the material. 



45 



S0 



* .IJ!^^'* " B on the order of 100msec. If shorter pulses are used heat win stin boeoiXiS*™!^ 
U-eblood tocmeeoagutatlon. however, the Instantaneous temperaLe of pI^*eWo^^^ 

Fortrealment 01 external sWndisordersin which evaporation ofthesldn is the obieeflvB avavch^.h...^i. 

m^J^l^^^,^^ h pulsed of flashlanp 14. The Bgtt^tee tuO width at haHZ^ 
(f=WHM)ofafIashlanpdnvanbyasmgleelemertPFNwithcapadtanceCandi«lucS^ 

'^'-21^'" (Eq.2) 
used to select among three capacrtors CI. C2 and C3 that are charged by the high voHage power sujiply. Rel^ Ri. 
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33 



40 



naaidFBarereedtoseleathePFNthalwillbeeormeetedtoflas^ 
arets^ltodischaiBethee^ 

r^Sm"** "''^'""'^^ "»P«««V. and CI. C2 and C3 Z values of ^^oS^ 

taonal varfabonean be achieved byfiring PFVe eequeneaOy. If. ibr exanple. Pl^ l«vlna KS^MMd!^ 

puisMvam of Ihis operation of Itie system wiO be given by ttte relation: At - M\ ♦ At2 
The cfargino power supply lypicaBy fas a vollaoe range of SOOV to SIcV. 

::^esr„L'*::irL"S;:^,:r?S^"- ""^ se.u»tia.V«r«t SC^e etches. 

T5 bar switch or use of a switch with efosing and opening capabTilies. ousooiasmgiet-i-Nanaaoow- 
sitv i^^mS^ of fla*lanp 14 with an eteOrical pulsed of 1 to lOmsee. a Snear electrical energy den- 
can be used. An energy density of 30 to lOOJ/cm» can be achieved on the sWn tor a tvrtte^ 
flaswany bore diameter of 5mm. The use of a 500 to 650nm bandwidth HansmHs 2<^^e kiSX^,! 

freatmanl shows that eneigy densHies in the range of 0.5 to lOOfan* with pulseMividths in the 
ran^ Of 0^ are generaDy effective for treattag vascular related sWn diso«leni TMs rangVof ^^faSs h 

» fliasstdteis 18 can also be used to control the energy density on the sWa 

Fbr external disorders a typical pulse-width of 5 microsecond is used. A 20J/cm etedrical enemv rtonri*, * 

STJt^ 90% energy transmissioa or sMn exposure to an energy density of ctese to 10 J/a^rZenm^ 
sity IS high enough to evaporate external marks on the sMn. iu*oir. ins energy oen- 

^ ^ tt^^T^^ "'"^ instantaneous shin tenperature. The power ap^Wp?^ 
^JZ'J^^*^^^*^^''^'^^<^ However, using a fbsWamp rather 

xSe^r^xsTw^r^c^rrce':^:?^^^ 

«ube?^a^rS^4rS^tr*°'?t 

^ ^5?"^ "Sht energy to an optical fber 46. The 1^ 
«i the embodiment of Rgure 4. Optical fiber 46 transfers the light from nght coDedion system 44 tTf^irlSnS^ 

I'S^ic'aT^"^'''^'^''^^ 

l=br ecample. coupler 40 may be used in material processing to rapidly heat or ablate a oortion of a ma«.ri>i hi^ 

? *" ««* a ewplef would allow the flash bub to be to^teOki^ihr^^ 

and b «he Bghl to an optical fiber, fhsh tube 42 has a toroUal sl^ shwmin^res 5 ^ 

^Ji^^J^J 't^' **■ to the toroidal Shape other Shapes. s^aTSSeSf 
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SO 



55 



with high refledMty in the visible am mJJ^^^J^»°^ I^^^IT^ b a ve^- flood reflector 

*o™'sr:i.'w:is^:^^^ 

trapped in the conleSietLi of^fflwL^^^^^ I™<Slf Z^J! «" fterls a.r. n^-l. Not an of the fioht 

» sec.iono?the«»r:jrr:^^jr^'r?^ 

opti.^^^C'^.^'iS^'ir::^'''"^'^ 

H^.r^eZte^te'^eS^^^SLTa^ 

transitions, such as thetransilion tZe^^^^^^J^,T^ «he k^es that are assocbted with glass to air 
' "nia.lhenitsre(ractiveindae^bn^^2^„r^ 

fber. evenitcore*iaddiJ«^^^ ^''^'''^'"'^^ 

the fiber edfle. ^^^Me^oZ^c^^^J^^ 1^^^ ^^apes of 

dian,^r^x^t":^eSr^:L':ss^ 

-^c^,caao„.«„«,be^err.^"T^SS:^^ 

dies. The bundles naybeSr ,2^^T°^^^^^^ 
^a^fll^oro^eT^er^-^--;-^^"^^^^ 

Al.erSa':s^■i:;«^tiS^;t^»;s^"r^ 

TheSr^^l^rentCTsl^C^t^^^^ 

shape of the vessel being treated «»« a rectangular linear flashlanp and to match the 

der«^rm'ei^^^s::s^r.^e'^ 

absoit&ifl dye dissolved therein Thus. itoM^^Z.!! ^T^^ from a material that had an 

Both of these filters areZorbino TIm^«SL« ^f.^^JT'S^"^ «» input end) of the light guide. 

coatSSiKrA^^I't^e^^^rn^*^^ 

the various filte^ d^ribed?^ ^Se^ ^ "L""":!^ * ^^^^o™ C 

useofthefinersdescrbedear.er.^iSr'SS^,'^;^"^'* 

iousii^r^rcT^'';:^^ 

spedfie light guide. ^ ««»™*» ^ach ^ 
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arteries less than 0.1 mm in diamrter - S20-650nm 
veins less than 0.1 mm In diameter - 520-700nm 
vessels between 0.1 and 1.0 mm in diameter - 550-IOOOnm 
larger vessels - 600-1000nm 



(relative to the p«pendtaJ«r^i «^ «i*e skin. Ught that impinges on the skin at large angles 

atlvelyvrfcle angular divergeftseKtoSa^S^ 

preferable far tLtoJ^rlSSte^T^^^ AftemaSvely. a narrow divergence is 

» penetiatioa « <'«'«^- Some treatnwnt mgW require brt^ 

bear^rs.it:::^^:^':!^^^^^ 

VVhenljeamSOlexilslSwaiSem 

lis enhances this div«;«^ - °'*-'*''****^^^ 

Alternate >>s»<>,tmm^ZK^B^!^'^ '«b«ve to the axis of co^-er 601. 

lively, the user can sOMV^ti^J^^^.^^J^!^'^ penetration discussed above. Anerna- 
seieet we type of coupler eccordng to the depth of penetration needed tor the treatment being per- 

94to'2^SrrS^Jl^'SL*l?t^ 
oflhearflashi:S^h*B^:X^^'^,:S:^L^ 

n^aused.Th.«.j:rt^i:^^ir:r;r^:.^^ 

lies can be estimated asS^^toL^rSST^^T ? ^ 4 the total anew and power densi- 
an electrical nnearenergy^«^^SS.^,!f. r'^**?*"^ 
cfthelampwinbeStoW/KSltflSSSSlSt^^ 
nght genenaed in the lamp SSTme^tteT mT^ JlT^ 

Obtained. l^bfembodiJ^sho^nliRSetS'^eS^to^^ to 30J may be 

a cross-section of 0.8cm*. Energy densaTonX^ofM^^ ,^^ 

«th this cross-seeSoa TOs co^s,»«bt w»t de^~ sT^^^^ 

used in medical or matertalproc^SS^.SS^SL '^""'"''^''^^ 

woukJ be IP to 300J/cm« Sudh en^d J2bU^ 7* «»"8sponding energy density at the focal area 

wellasinmedS^ipS;^*"'^'*^ 

sha:f::cr?rs'^th'rs^^ 

lampenveli^03.^rtKinS^^L2^ is wound anx«xl a lanp 1(ZxJ a 

propagatinfllnthedirecti^^isSSlS^lC 

fiber outprt 104. One lin«atort tt^S^«^ 

-.e^-t.bytherad.eonen^-rClS^Z'ir.^^^^^^^ 
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rtreaionaByand»>epart(rfittt«tfe 

wavelenBm««.maybemaeusefullnrrX^e°Licor^^ 

orescent material doped in the fber can he eha»» h I^^^^-T W""*"* mentioned l>eior& ThuSi flu- 

cineappneationoftKMl 

.rea^«0«pSS^e:;Si!^rr^ 

s«n^Sri?eS:4'-.nTl°;rre?^^^ 
liBWandn,duceit8pS«ra«^wn«T^K^^^^ 

adif.eremincoheremJ:S^ae3,^:?rnr.Il^i^^ 

0.1mmtK*>epidenrtTLparedto1»l!™^2^S!^^ 
co2s^^ep«erm.d.^^,p.J^^ 

accojrj,,ishmedetired,,eatmi:«.«nZ^^ 

sWn. A imm thin Blass gl^,'?^, ^^Z^' Tt^^ was a««ed on the 

the thin glass and the gel and Im^eX cS^!^ bi^Vf^ *• ««>«8h 

mtion was tested with 

eatsing damage to the^T^S^te^Xl;^ 
withthesameUestrSie^^SSm^r^'"'*^"*''***'^"^ 

deiaj^^er;:^^™^^^.''*™"^'^"-^ - 
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tn another altemafive entjodiment the spectnim of the Oght used for treatment Is controOed by controlBno the volt- 

^^:2^<^:i*^'^.°rr'*^"''°«"'^^ Aecord»,tothlsen*oLS^CS^^ 
o>pe,tmen^fcj_^aartfte«anvused.ftrexanpl^ 

RB.^e 1 T^SWIarly. the specie of Rgure 18 was produced ushg a Hashlanp currwiof 380 anpt ThT^^traS 

' fPa«*re*rtj^capal)leofbe.nBeonn«^ 
A serte«,nnectjon p™*e a relatively hW^ 

t^tlT""""*- Suchaserles connection wfll be more approp^tator^^ 

pubesd tolOmsece-aJiisefulforlreatinentofsmanervBSEels. w«p «»KirQeneiaiinQ snorter 

Aparaneleonneclionpn)widesalo»wcurrentandvDltaoe.andlhuspn^ 
^«f'«7W-l00Onm.SuchaspeclraisnK,reappr^ 

such 

M that shown n Hgure 19. The dr«er cftcuH of Flflure 19 uses a switch capaMe of behB turned both oS^off tiSS^ 
tdtheappncafcnofpowerlotheflashlaav While this alternative en<xSwnibe?escrib«l^^t al^ 
bemg »ed asfhe sj-teh. rther switches capal*,olbein9 turned both on and off. such S^BTsT^rX^^S^ 

L5 aSsTJ^Mfn^^Jf "IZ'^'^' 'n*-** a high voltage source 122. a capacitor ban^C^^W^or 
15 a dicrie DS. a swrtch QTO1. a diode 06. a diode D7. a resistor RS. a capadtor C6 a GTO triooer oan^tor TRi « 

^^L'Z^ ^ ^« «^"a °' P^es are providedhS- 
ancewdh the descr^jtion herein. Driver 121 operates in the manner descrfted below ««.nacoora- 

Pri"»i»^nafionofflashlamp14flashtubelriggerg6neratorTO 
l^l^JZ^^'^'^^H!: «^«»flashlanpbreahsdown. capacilor C7dunps^TiS.^1t 

""^^ "^-^ « P'^JscharS b provided tl«^^ 

^tenp1^4 to^e power pulse. Capacitor C7 provides a smaB amo^ 

'*'"''^*"*^8P*«'«»GTOtriggergeneralorTI11.cor.pletngttocTOiHbelween 

^nS^. 

r^^^J^^^,^ determined by the desired pulse width has passed. GTO trigger generator TRI provides a 

u S^lf. swrtch QT01 from re^e voltages. Resistor R7 is provided in paraUel with fbS 

IJ-S^ 

^iJ.'^^"^ to dm^ circuH 121 is to provide an SCR or other switch in parallel with capacitor bank 05 This 
^ ^ =^-7 'T^ bank CS without turning on switch^,. Oth^^SS^^ be 

rerdn^'r.''wS;^a'^;re?r<;s^^ 

ofal^nlS/lLtl!f^'^^^T"" 

than 5 msec the epidemfe can cool down but the v^ wBI not Fae^i 

L*:Svt:^r^^"'^'^"'^''*^ 

io™!^!?^!*?^ «* ™s 's iselul when ^ 
^rJ^r^L^'^^''^'^''^'«*<«"««'«»«^toalIowft^ 

Slet^r ° '^'^ *^ need less energy and can be°treated ^ 



10 



EP0724 894A2 



Typical delay times are in the range of 20 msec to 500 msec IVtore SDedficaliv deiavft nf K«h^« ^ An.rA^ 



Ctaltns 

2. The treatment device ot daltn 1 further characterized in that- 

asecondabsortxnaftltef Is disposed between the first filter and the trwit^^ 

3. Thetreatmentderfceofdalmafurthercharaeterizedinlhat 

the liQW guide is made from a n^erial inclufing an absort-rn, dye and I, the seco^ 

5. ]^'^''«^0fdalm4furthercharacterizedinthat,h,,ef1ec,i^ 

e. •^e»'»a'-e««'eviceofc.aim5furthereharacterlzedin.hatacoolina9elisdis^ 
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7. A 



aream^ughaRBMBUktetopro^Se'S^''^^ 

a The treatment method of claim 7 further ch^ 

9. "nietreatmertmelhod of claim 8 further eharacterfied in that 

the BBttlsfiHeredlv the second absoAinofiHerastholiaM passes!^ 

11. TT^atmem method Of Claim ,0,urtherchameteHz,lfc,tha^ 

12. T^e treatment method Of claimrfunherhcwinothestepofappving 
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